The SEMIZENTRAL approach has been developed for fast growing cities, to meet their challenges regarding the supply of water and the treatment of biowaste and wastewater. Key elements of the SEMIZENTRAL integrated infrastructure approach are high resource efficiency due to urban water reuse and the usage of the energy potential of wastewater/sludge and waste, as well as its system size between central and decentral. In Qingdao (PR China), the SEMIZENTRAL Resource Recovery Center (RRC) has been implemented for the first time worldwide at full scale. The goal of high resource efficiency, which includes generating service water, has a significant influence on the process design of the RRC. Moreover, the influence of the site adaptation of the general SEMIZENTRAL approach to the actual location in Qingdao on emissions to the water body and on the energy balance has been investigated. Through comparisons with a conventional wastewater treatment plant, advantages and disadvantages are evaluated. Due to water reuse, energy can be saved, compared to alternative water resources. The discharged nutrient load decreases considerably. Nevertheless, the effort required for wastewater treatment increases.
SEMIZENTRAL, an infrastructure approach for fast growing urban areas, has been developed as a possible solution, with a focus on higher resource efficiency. The approach integrates the sectors of water supply, wastewater treatment, and waste treatment, which are normally separated. In addition to system integration, SEMIZENTRAL is characterized by the system's size (Bieker et al. ; Bieker ) . The system size is defined by requirements such as increased resource efficiency, flexibility, and adaptability, as well as the necessity for professional operation.
Due to urban water reuse and energy recovery from sludge and biowaste, as well as short distances between first use and reuse, higher resource efficiency is achieved. The degree of reuse can range between 40 and almost 100%, depending on the local, adjusted concept. The increased biogas production through integration of biowaste and sludge treatment makes an energy-autarkic operation of the semi-centralized Resource Recovery Center (RRC) possible.
METHODS
The first full-scale RRC was implemented in Qingdao (China) in 2014. Based on a reference design, for which general data from Qingdao were used, the general SEMIZENTRAL concept has been adapted to the actual location in Qingdao ShiYuan. Compared to the reference design, input and output flows have been changed, resulting in differences in treatment efforts. The aim of this paper is to evaluate the adaptation of the general SEMIZENTRAL approach to the actual site of the first RRC in Qingdao ShiYuan. Furthermore, through comparison with a conventional wastewater treatment plant that treats the same amount of wastewater and loads, the impacts of source separation and the integration of food waste on discharged nutrient loads and energy efficiency are investigated. The calculation of electrical energy consumption (as a plant-specific optimal value) for the RRC in Qingdao ShiYuan is based on the machinery list, using empirical values from the German draft standard DWA-A 216 (DWA ). Smaller consumers, such as the instrumentation, control and automation systems or lighting, have been neglected. For the rough calculation of the electricity consumption for the reference design and a conventional system, the same boundary conditions (e.g., discharge head for pumps or specific electricity consumption for machines) are used. Data related to the electricity demand for waste and sludge treatment, as well as exhaust air purification, are not discussed in this paper, although they contribute considerably to the energy requirements of an RRC (Tolksdorf et al. ) . Table 1 gives an overview of the scenarios. For all scenarios, 12,000 population equivalent was assumed.
SEMIZENTRAL reference design
For the general conditions in Qingdao (regarding water demand, wastewater volume, and loads), a reference 
Conventional system B
The same wastewater loads are calculated but with a higher wastewater flow. With the chosen flow rate, the resulting concentrations are in the typical range for municipal wastewater in China. In China, the influent concentration is usually considerably lower than that estimated for the RRC in Qingdao ShiYuan, either because of higher water consumption and/ or due to dilution with sewer infiltration water. in contrast, the blackwater flow to the RRC in Qingdao additionally includes kitchen wastewater. Thus, a higher specific organic load is calculated (see Table 2 ). An inhabi- Legal limits for the effluent and process technology SEMIZENTRAL is, fundamentally, an open-process approach: the choice of process technology depends on local conditions. Hereby, 'fit for purpose' is the basic principle. In Qingdao ShiYuan, the treated greywater is reused for toilet flushing; treated blackwater is reused for irrigation.
RESULTS

First realization of an RRC in Qingdao ShiYuan
The surplus water is discharged. Therefore, for both treatment modules, the Chinese Standard GB/T - for urban water reuse as well as the discharge standard GB - Class 1A have to be fulfilled. For irrigation, a limiting value for total nitrogen is not given; for NH 4 -N, the legal limit is 20 mg/L. In urban areas, the blackwater flow is assumed to be higher than the demand for irrigation water; therefore, nutrient elimination is necessary to meet the discharge standard. To realize a multi-barrier concept, because of high quality requirements for water reuse (colony forming unit (CFU) < 3/L, see GB/T -), a membrane bioreactor (MBR) followed by chlorine disinfection is chosen for greywater as well as for blackwater treatment (see Figure 1 ). Disinfection by chlorination is required by the standard for urban water reuse. chamber filter press. To reduce the N return load, the sludge water (process water) is pre-treated with a deammonification process prior to its discharge to the blackwater module.
Influence of site adaptation
The site adaptation of the general approach (reference design) to the actual site (RRC Qingdao ShiYuan) influences the nutrient balance and the treatment efforts.
Increased greywater volume, decreased service water demand
Compared to the reference design, the effluent flow to the water body in Qingdao ShiYuan is higher (see Figure 2 ).
Greywater has a very low influent nitrogen concentration of 5-7 mg/L (see Table 2 ); the expected very low effluent concentration of 1.5-2.1 mg/L results from biomass intake alone. For this reason, the discharged nitrogen load is only slightly increased. By contrast, the TP influent concentration of greywater (3-4 mg/L) is assumed to be above the legal limit. Therefore, TP has to be removed by precipitation to reach the required effluent concentration (0.5 mg/L). Conse-largest electricity consumer in the greywater module; therefore, the energy demand for greywater treatment depends strongly on the flow rate.
Reuse of treated blackwater for irrigation
As described above, blackwater treatment in the RRC in Qingdao ShiYuan occurs in an MBR. For the reference design, the sequencing batch reactor (SBR) was chosen, because the SBR process is sufficient to meet the legal limit for discharge (Class 1A GB -).
Therefore, in contrast to the reference design, the mechanical pre-treatment is supplemented by a sieve (see Figure 1 ) in the RRC in Qingdao ShiYuan, to avoid problems at the membrane modules. However, this results in a further decrease of the already low C/N ratio to the the composition of food waste. Therefore, the biogas actually produced in the RRC in Qingdao ShiYuan might differ from the currently calculated production. Nevertheless, a self-sufficient operation of the RRC in Qingdao ShiYuan may be possible.
Influence of integrated systems on water quality and energy balance
Discharged nutrient load
Due to separated collection of greywater and blackwater, the concentration levels to the treatment plant and the C/N ratio change. Because of the low nutrient influent concentration in the greywater, the organic carbon removal is sufficient and low nitrogen effluent concentrations can be reached. Blackwater, in contrast, is highly concentrated, compared to total wastewater (see Table 2 ); the N return load is increased by co-treatment with food waste. For blackwater treatment, the same legal limit (15 mg/L inorganic nitrogen) as for a conventional wastewater treatment plant is required. Therefore, an elimination rate of 91% for nitrogen in blackwater is necessary. In comparison with conventional system A (with the same wastewater volume and loads), 14% more NO 3 -N has to be denitrified in the RRC in Qingdao
ShiYuan (see Table 3 ). The C/N ratio in blackwater (7.9)
is lower than in total wastewater (8.8). In the influent to the biological step, the C/N ratio of blackwater is 5.5, compared to 6.1 in conventional systems. In sum, a 42% higher external organic carbon dosage is calculated for the RRC in Qingdao ShiYuan. Because of this, together with the reduced discharged water flow due to water reuse, the effluent nitrogen load is considerably lower (at least 41%, see Figure 3 ). Because the discharged water amount is decreased by 12%, the discharged TP load declines by the same proportion.
For conventional system B, the water flow is 120%
higher than in the RRC in Qingdao ShiYuan, resulting in influent concentrations that are common in China.
Although the same influent load as in conventional system A is assumed, no COD dosage is needed for denitrification.
Because the TP influent concentration in conventional system B is relatively low, no pre-precipitation is calculated.
As a consequence, the C/N ratio is not decreased as much by pre-clarification as in conventional system A (see Table 3 ). Moreover, considerably less NO 3 -N has to be denitrified. However, under this boundary condition, discharged TN and TP loads are 3.7 and 2.5 times higher, respectively, compared to the RRC in Qingdao ShiYuan (see Figure 3) . In Qingdao, water for the future development of housing and industry needs to be produced partly by seawater desalination. This needs 3-4 kWh/m³ (Ghaffour et al. ) . For service water production from grey-and blackwater in the RRC in Qingdao ShiYuan, 0.8 and 1.7 kWh/m³ are calculated, respectively. Therefore, using the produced service water saves energy. With respect to China's current energy mixture, with its high proportion of fossil fuel, this represents a contribution to the reduction of greenhouse gases.
CONCLUSIONS
